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(54) INFRARED OPTICAL SYSTEM FOR INFRARED CAMERA 



(57) An infrared optical system for an infrared cam- 
era comprises a support member for holding a convex 
lens composed of low-dispersion materials that trans- 
mits infrared rays. A diaphragm for controlling the light 
entering the convex lens is arranged in front of the con- 
vex lens. An aberration corrector for decreasing spheri- 
cal aberration is provided near the diaphragm. In 
addition, behind the convex lens is arranged a plate for 
field smoothing, whose thickness varies with the height 
of the image so that the curvature of field can be can- 
celed. 



FIG. 2 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an infrared 
optical system, used for infrared cameras, for forming 
images of an object. 

BACKGROUND ART 

[0002] Generally, infrared optical systems used in 
infrared cameras require the ability to form an image of 
an object on a detector. However, if the aberration of the 
infrared optical system is large, the object image formed 
by the camera becomes blurred, resulting in great 
decline in image quality. Therefore, infrared optical sys- 
tems for the infrared cameras must have little aberra- 
tion. 

[0003] One method of realizing an infrared optical 
system exhibiting small aberration is to increase the 
number of lens elements as components. That is, the 
degree of freedom in terms of lens surface, lens thick- 
ness, lens-to-lens spacing, etc. is raised by increasing 
the number of lenses, to thereby enhance the aberration 
correcting capability of the infrared optical system. How- 
ever, by increasing the number of lenses, the costs for 
the infrared optical system such as for lens material, 
fabrication and assembly also increase. Further, in addi- 
tion to the rise in costs, there are also such problems as 
increased weight, expanded dimensions and more 
complicated adjustment of the assembly. It is therefore 
desirable in this respect to reduce the number of lenses. 
[0004] FIG. 1 4 is a sectional view of a prior art infra- 
red optical system shown in, e.g., [Design Example for 
the Use of Hybrid Optical Elements in the Infrared] by 
Max reported on pp.6833-6834, [Applied Optics Maga- 
zine] issued on December 1, 1996. 
[0005] This infrared optical system is used in an 
infrared-ray region having a wavelength band of 8 - 12 
urn, wherein extremely small aberration is attained by 
two pieces of germanium lens elements. In the following 
discussion, the object side (left side in the drawings) is 
referred to as the front surface of the lens, while the 
image side (right side in the drawings) is called the rear 
surface of the lens. 

[0006] Referring to FIG. 14, a holding member 1 
holds an aspherical diffraction lens 2 and a spherical 
lens 3 spaced away from each other. The aspherical dif- 
fraction lens 2 has a front surface 2a with a spherical 
shape and a rear surface 2b having a special configura- 
tion with a diffraction surface provided on an aspherical 
surface. The spherical lens 3 disposed on the image 
side from the aspherical diffraction lens 2 has a front 
surface 3a and a rear surface 3b, both of which are 
formed in a spherical shape. An object image obtained 
through the aspherical diffraction lens 2 and the spheri- 
cal lens 3, is converted into electric signals by a detector 
4 disposed facing the rear surface 3b of the spherical 



lens 3. The electric signals output from the detector 4 
are converted into image signals by a signal processor 
(unillustrated), and the image signals are displayed as 
an infrared-ray image on a display unit (not shown). 

5 [0007] In the thus constructed infrared optical sys- 
tem, the degree of freedom of the system is enhanced 
not by increasing the number of lens elements but by 
two kinds of effects imparted by the aspherical surface 
and the diffraction surface of the rear surface 2b of the 

w aspherical diffraction lens 2 used therein. This degree of 
freedom is utilized to correct aberrations in the infrared 
optical system, and aberrations in the infrared optical 
system is thereby decreased. This reduces decline in 
image quality. 

75 [0008] The infrared optical system described above 
involves the use of the diffraction surface for correcting 
the aberration. This diffraction surface, however, func- 
tions to deflect to optical path by utilizing the wave 
nature of light. That is, waves always propagate forward 

20 in a direction of wave surface alignment, and hence 
wave propagation direction is controlled by controlling 
the wave surface. In this case, as a matter of course, it 
is required that the wave surface be controlled at an 
accuracy smaller than the wavelength. Therefore, for- 

25 mation of the diffraction surface entails surface working 
having an accuracy smaller than the wavelength of the 
light. In the infrared optical system used for cameras for 
imaging the infrared ray having a wavelength on the 
order of, e.g., 10 nm, hyperfine surface working having 

30 an accuracy smaller than at least 10 urn is needed. 
Thus, a high-level working technique is necessary for 
forming the diffraction surface, and therefore costs rise 
and mass-production is hard to attain. 

35 DISCLOSURE OF THE INVENTION 

[0009] It is a primary object of the present invention, 
which was devised to obviate the above problems, to 
provide an infrared optical system for infrared cameras 
40 that is capable of reducing aberration without increasing 
the number of lens elements and without using hyper- 
fine working. 

[0010] To accomplish the above object, according 
to one aspect of the present invention, an infrared opti- 

45 cal system for infrared cameras comprises a holding 
member, a convex lens held by the holding member and 
composed of a low-dispersion material transmitting 
infrared light, a stop, provided on an object-side on the 
basis of the convex lens, for restricting light beams 

so entering the convex lens, and an aberration correcting 
plate, disposed in the vicinity of the stop and composed 
of a material transmitting the infrared light, for reducing 
spherical aberrations. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 
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FIG. 1 is a sectional view showing an infrared opti- 
cal system for infrared cameras in a first embodi- 
ment of the present invention; 
FIG. 2 is a sectional view showing the infrared opti- 
cal system of the infrared camera in a second 5 
embodiment of the present invention; 
FIG. 3 is a sectional view showing a field flattener in 
a third embodiment of the present invention; 
FIG. 4 is a sectional view showing a modified exam- 
ple of the field flattener in FIG. 3; 
FIG. 5 is a sectional view showing the field flattener 
in a fourth embodiment of the present invention; 
FIG. 6 is a sectional view showing a modified exam- 
ple of the field flattener in FIG. 5; 
FIG. 7 is a sectional view showing another modified 
example of the field flattener in FIG. 5; 
FIG. 8 is a sectional view showing principal ele- 
ments of the infrared optical system in a fifth 
embodiment of the present invention; 
FIG. 9 is a sectional view showing principal ele- 
ments of the infrared optical system in a sixth 
embodiment of the present invention; 
FIG. 10 is a sectional view showing principal ele- 
ments of the infrared optical system in a seventh 
embodiment of the present invention; 
FIG. 11 is a sectional view showing principal ele- 
ments of the infrared optical system in an eighth 
embodiment of the present invention; 
FIG. 12 is a sectional view showing principal ele- 
ments of the infrared optical system in a ninth 
embodiment of the present invention; 
FIG. 13 is a sectional view showing principal ele- 
ments of the infrared optical system in a tenth 
embodiment of the present invention; and 
FIG. 14 is a sectional view showing one example of 
a prior art infrared optical system. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0012] Preferred embodiments of the present inven- 
tion will hereinafter be described with reference to the 
accompanying drawings. 

First Embodiment 

[0013] FIG. 1 is a sectional view showing an infra- 
red optical system for infrared cameras in a first embod- 
iment of the present invention, wherein the wavelength 
of an infrared ray is set to 8 - 12 u,m (enough not to be 
absorbed by the atmosphere) corresponding to the 
[atmospheric window]. Referring to FIG. 1, a cylindrical 
holding member 11 holds a convex lens 12 composed 
of germanium (Ge). The convex lens 12 has a spherical 
front surface 12a and a spherical rear surface 12b, or 
alternatively one single surface is spherical, while the 
other single surface is planar. 

[001 4] A stop 1 3 for restricting beams of light enter- 
ing the convex lens 12 is held closer (more leftwards) to 



4 

an object than the convex lens 12. An aberration cor- 
recting plate 14, composed of germanium, for reducing 
image aberration attributed to the object, is held in the 
vicinity of the stop 13 in the holding member 11. The 
aberration correcting plate 14 has a plane surface 14a. 
Further, the aberration correcting plate 14 has an 
aspherical rear surface 14b of which convexity and con- 
cavity are small so that thickness therefore can be 
decreased. A detector 15 for converting the object 
image obtained through the convex lens 12 into electric 
signals is disposed facing the rear surface 12b of the 
convex lens 12. 

[0015] In the infrared optical system having the opti- 
cal geometry described above, principal aberrations 
which deteriorate image quality are chromatic aberra- 
tions, spherical aberrations, comas, astigmatisms and 
field curvatures. Chromatic aberration is determined by 
dispersion characteristics of a lens material and refract- 
ing power of the lens. Refracting power of the infrared 
optical system is determined by the convex lens 1 2, and 
hence chromatic aberration is also determined by the 
convex lens 12. 

[0016] In response to this, germanium, of which the 
convex lens 12 and the aberration correcting plate 14 
are composed, exhibits high transmissivity with respect 
to infrared light in the above wavelength band, and 
hence there is little absorption of the infrared light by the 
convex lens 12, to thereby obtain a bright image. Fur- 
ther, germanium displays little dispersion (change in 
refractive index for the wavelength) with respect to infra- 
red light in the wavelength band described above. 
Accordingly, chromatic aberration occurring in the con- 
vex lens 12 is small, and chromatic aberration in the 
whole infrared optical system is also small, with the 
result that deterioration of image quality due to chro- 
matic aberration may be ignored. 
[0017] Moreover, the stop 13 is disposed in a posi- 
tion so that the light beam traveling through the center of 
the stop 1 3 exits substantially vertical to the rear surface 
12b of the convex lens 12, in the vicinity of the object- 
side focal length of the convex lens 12, whereby coma 
and astigmatism can be reduced. The curvature of field 
is categorized as an aberration proportional to the 
square of image height (displacement from the optical 
axis). The geometry described above is incapable of 
eliminating the curvature of field, however, if the image 
height is small, the curvature of field can be made small 
enough to be ignored. 

[0018] Still further, large spherical aberration 
occurs in infrared optical systems constructed of only 
the convex lens 12 and the stop 13, and the image qual- 
ity of the object may conspicuously decline. As a coun- 
termeasure, the aberration correcting plate 14 disposed 
in the vicinity of the stop 13 is so designed as to elimi- 
nate spherical aberration. To be more specific, as 
shown in FIG. 1, the infrared optical system is con- 
structed of the convex lens 12, the stop 13 with the 
aberration correcting plate 14 added, whereby the aber- 
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ration correcting plate 14 functions to mainly reduce the 
spherical aberration so that an object image with 
smaller aberration is obtained. Thus, the geometry in 
the first embodiment is capable of reducing the aberra- 
tion without increasing the number of lens elements and 5 
without making use of hyperfine working. 
[0019] Although germanium has been exemplified 
as the material of the convex lens 12 and of the aberra- 
tion correcting plate 14 in the first embodiment, other 
materials are usable if they have high infrared transmis- 10 
sivity but little dispersion. For example, silicon (Si) 
meets this condition, and therefore an infrared optical 
system with little aberration can be obtained by using 
silicon for at least one of the convex lens 12 and the 
aberration.correcting plate 1 4. 15 
[0020] Further, the convex lens 12 and the aberra- 
tion correcting plate 14 can be manufactured by polish- 
ing grinding by using a precision lathe or by molding. In 
the case of using germanium or silicon as a material, 
the above elements can also be manufactured by using 20 
semiconductor manufacturing technology such as a 
photo etching and holographic methods. 
[0021] Moreover, material exhibiting high infrared 
transmissivity and small dispersion is selected as the 
material for the aberration correcting plate 14 in the first 25 
embodiment. However, as the aberration correcting 
plate 14 is aimed at correcting spherical aberration, it 
exhibits small refractive action to refract the light, so 
chromatic aberration occurring in the aberration correct- 
ing plate 14 is small even with material showing com- 30 
paratively large dispersion. Accordingly, as long as the 
material of the aberration correcting plate 14, is trans- 
parent to infrared light, the dispersion need not be suffi- 
ciently small. 

[0022] For instance, materials such as zinc sulfide 35 
(ZnS), zinc selenide (ZnSe) and gallium arsenide 
(GaAs) exhibit a large dispersion and transmit infrared, 
and can therefore be used for the aberration correcting 
plate 14. Further, plastic material also transmits infrared 
and can be therefore used for the aberration correcting 40 
plate 14. 

Second Embodiment 

[0023] FIG. 2 is a sectional view showing the infra- 45 
red optical system of the infrared camera in a second 
embodiment of the present invention. Referring to FIG, 
2, a field f lattener 1 6 composed of germanium is held by 
the holding member 11 on an image side of the convex 
lens 12. This field flattener 16 incorporates a function to so 
offset any curvature of field residual on the image. Other 
configurations are the same as those in the first embod- 
iment. 

[0024] Then, the curvature of field is not removed in 
the infrared optical system in the first embodiment. This 55 
is not conceived as a problem in the case of using a 
small-sized detector 15, but turns out to be the problem 
if a large-sized detector is used because of the large dif- 



ference in image quality between the central area of the 
picture and the peripheral area thereof. By contrast, the 
second embodiment involves the use of the field flat- 
tener 16, thereby correcting the curvature of field and 
consequently obtaining an image with less aberrations 
in a wider visual field. 

[0025] More specifically, the curvature of field is 
proportional to the square of image height, and, if the 
curvature of field is residual, the image surface is 
formed in a spherical shape. Namely, as the image 
height becomes larger with respect to an on-optical-axis 
position of the image surface, the image surface is bent 
more toward the object. Accordingly, when constructed 
in such a curved shape that a thickness of the field flat- 
tener 16 is set larger as the image height becomes 
larger, the bent image surface can be flattened. 
[0026] A front surface 1 6a of the field flattener 1 6 in 
FIG. 6 is formed in a concave shape, and a rear surface 
16b thereof is formed in a plane, thus changing the 
thickness according to the image height. The image sur- 
face is thereby flattened, and, even when using the 
large detector 15, it is feasible to acquire the infrared 
optical system with the small aberration and the infra- 
red-ray image with high quality as well. That is, the aber- 
rations can be reduced without increasing the number 
of lens elements on the need to use hyperfine working. 
[0027] Note that the front surface 16a of the field 
flattener 16 is formed in a curved shape in the first 
embodiment. However, the rear surface 16b may also 
be curved, or both the front surface 1 6a and the rear 
surface 16b may be formed in a curved shape. 
[0028] Further, the field flattener 16 does not 
require sufficiently small dispersion if it is transparent to 
infrared, just as in the case of the aberration correcting 
plate 14. The field flattener 16 may be composed of, a 
compound such as, e.g., silicon, zinc sulfide, zinc sele- 
nide or gallium arsenide, or plastic material. 
[0029] Moreover, the field flattener 16 can be, as in 
the case of the aberration correcting plate 14, manufac- 
tured by working methods such as polishing, grinding, 
molding and photo etching or holographic methods. 

Third Embodiment 

[0030] The second embodiment exemplified the 
field flattener 1 6 having a curved surface that offsets the 
curvature of field. If capable of sufficiently correcting the 
aberration caused by the curvature of field, the thick- 
ness of the field flattener 16 may be changed not curvi- 
linearly but in a linearly approximate manner. This may 
be exemplified by, e.g., the thickness being changed 
stepwise as shown in FIG. 3, and the thickness being 
changed in a triangular shape as shown in FIG. 4. With 
these configurations, the working can be easily per- 
formed in the manufacturing process. As a matter of 
course, the stepwise change or the triangular change 
may be imparted to the rear surface 16b or both the 
front and rear surfaces. Further, lengths of all line seg- 
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ments forming the stepwise configuration in FIG. 3 do 
^ notjiave to be the same, and the angles of all the step 
edges may be arbitrary. 

Fourth Embodiment 5 

[0031] The field flattener 16 may have such a con- 
figuration that, for instance, a hole 16c is, as shown in 
FIGS. 5 - 7, formed in the central portion. FIG. 5 shows 
a configuration in which the field flattener 1 6 taking the w 
shape in FIG. 2 is formed with the hole 1 6c. FIG. 6 illus- 
trates a configuration wherein the field flattener 1 6 tak- 
ing the shape in FIG. 3 is formed with the hole 16c. FIG. 
7 shows a configuration in which the field flattener 16 
taking the shape in FIG. 4 is formed with the hole 16c. 15 
As a matter of fact, changes in the configurations in 
FIGS. 5 - 7 may be given to the rear surface 1 6b or both 
surfaces. Further, a field flattener 16 assuming other 
configurations may also have the hole 1 6c formed in the 
central portion thereof. 20 
[0032] The curvature of field due to the field flat- 
tener 16 is corrected so as to be, based on the image 
position at the central portion, aligned with the central 
portion with respect to its peripheral edge. Accordingly, 
it follows that the field flattener 1 6 has almost no correc- 25 
tion effect at the central portion , and the central portion 
can be formed with the hole 16c. Further, the hole 16c 
is formed at the central portion of the field flattener 16, 
thereby making it feasible to reduce deterioration of the 
image quality without being influenced by dispersion for 30 
the wavelength and absorption of the infrared light due 
to the field flattener 1 6 at that portion. 

Fifth Embodiment 

35 

[0033] FIG. 8 is a sectional view showing principal 
elements of the infrared optical system in a fifth embod- 
iment of the present invention. In the fifth embodiment, 
both the holding member 11 and the field flattener 16 
are composed of plastic material transparent to infrared 40 
light, and integrally molded. The other configurations 
are the same as those in the second embodiment. 
[0034] This geometry, in which the holding member 
1 1 and the field flattener 1 6 are formed into a unit body, 
is capable of reducing both the number of parts and the 45 
manufacturing and assemble steps. Moreover, since 
integral parts have no tolerance occurred when assem- 
bled, the assembly of the entire infrared optical system 
is facilitated. 

50 

Sixth Embodiment 

[0035] FIG. 9 is a sectional view showing principal 
elements of the infrared optical system in a sixth 
embodiment of the present invention. In the sixth 55 
embodiment, both the holding member 1 1 and the stop 
13 are composed of plastic material and integrally 
molded. Other configurations are the same as those in 



the first and second embodiments. 
[0036] This geometry, in which the holding member 
1 1 and the stop 13 are formed into a unit body, is capa- 
ble of reducing both the number of parts and the manu- 
facturing and assemble steps. Moreover, since the 
integral parts have no tolerance occurred when assem- 
bled, the assembly of the entire infrared optical system 
is facilitated. 

Seventh Embodiment 

[0037] FIG. 1 0 is a sectional view showing principal 
elements of the infrared optical system in a seventh 
embodiment of the present invention. In the seventh 
embodiment, a peripheral edge light shielding member 
1 7 serving as a stop is provided at a peripheral edge of 
a surface 14a of an aberration correcting plate 14. The 
peripheral edge light shielding member 17 is, for exam- 
ple, formed by its being coated with a black paint which 
does not transmit infrared light. 
[0038] With this geometry, the stop can be omitted 
as a separate member, and thereby reducing both the 
number of parts and the manufacturing and assemble, 
steps. 

Eighth Embodiment 

[0039] FIG. 1 1 is a sectional view showing principal 
elements of the infrared optical system in an eighth 
embodiment of the present invention. In the eighth 
embodiment, both the holding member 1 1 and the aber- 
ration correcting plate 14 are composed of plastic mate- 
rial, and integrally molded. Other configurations are the 
same as those in the first and second embodiments. 
[0040] This geometry, in which the holding member 
11 and the aberration correcting plate 14 are formed 
into a unit body, is capable of reducing both the number 
of parts and the manufacturing and assemble steps. 
Further, since the integral parts have no tolerance 
occurred when assembled, the assembly of the entire 
infrared optical system is facilitated. 

Ninth Embodiment 

[0041] It should be noted that although the stop 13 
is provided as a separate member from the holding 
member 11 and the aberration correcting plate 14 as 
well in the eighth embodiment, as shown in, e.g., 
FIG. 12, for instance, the holding member 11 and the 
aberration correcting plate 14 are integrally formed, and 
the same peripheral edge light shielding member 17 
coated with paint as the light shielding member in the 
seventh embodiment, may be provided on the aberra- 
tion correcting plate 14. 

Tenth Embodiment 

[0042] Although the field flattener 1 6 is held by the 
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holding member 11 in the second embodiment, as illus- 
trated ig, for instance, FIG. 13, a cylindrical holder 18 for 
example, as a separate member from the holding mem- 
ber 1 1 may hold the field flattener 16 and the detector 
15 of the infrared camera. In this case, dust, etc. is pre- 5 
vented from adhering to the detector 15, thereby pro- 
tecting it. Moreover, the holder 1 8 may be constructed 
as a part of the holding member 1 1 . Namely, the detec- 
tor 1 5 may be held by the holding member 1 1 , as in FIG. 
2. ^ io 

[0043] Further, in accordance with the embodi- 
ments discussed above, the front surface 12a and the 
rear surface 12b of the convex lens 12 are spherical, or 
a single surface is spherical while the other surface is 
planar. However, both or any one of these two surfaces 15 
may also be aspherical. The convex lens 12 has a 
spherical surface, which increases the degree of free- 
dom of the surface, and the aberration can be reduced 
by making use of this degree of freedom for correcting 
the aberration. Furthermore, an aberration correction 20 
quantity required of the aberration correcting plate can 
be decreased. Moreover, the work of forming the 
aspherical surface need not be as fine as the hyperfine 
work of forming a diffraction surface. 
[0044] Further, the front surface and rear surface of 25 
the convex lens may be a Fresnel lens, and, with this 
configuration, lens thickness can be decreased even in 
the case of a lens having the same refracting power, 
and the length of the optical path of the light traveling 
inside can be reduced. Accordingly, absorption of infra- 30 
red light by the convex lens decreases, whereby a 
brighter image can be obtained. Further, the work of 
manufacturing the Fresnel lens need not be as fine as 
the hyperfine work of forming the diffraction surface. 
[0045] Still further, although one single convex lens 35 
12 is provided in the embodiments discussed above, a 
plurality of convex lenses may also be provided. This 
construction has an increased number of lens surfaces, 
a larger lens thickness and a wider spacing between the 
lenses, thereby raising the degree of freedom. This 40 
increased degree of freedom is used for correcting the 
aberration, whereby the aberration can be reduced. 
Further, the aberration correction quantity demanded of 
the aberration correcting plate can be also decreased. 
[0046] In the embodiments discussed above, the 45 
wavelength of the infrared light is set to 8 - 12 |xm. How- 
ever, the present invention can be applied to other infra- 
red-light wavelength regions. 

Claims so 

1. An infrared optical system for infrared cameras, 
comprising: 

a holding member; 55 
a convex lens held by said holding member and 
composed of a low-dispersion material trans- 
mitting infrared light; 



a stop, provided on an object-side on the basis 
of said convex lens, for restricting light beams 
entering said convex lens; and 
an aberration correcting plate, disposed in the 
vicinity of said stop and composed of a material 
transmitting infrared light, for reducing spheri- 
cal aberration. 

2. An infrared optical system for infrared cameras 
according to claim 1 , further comprising: 

a field flattener, provided on an image-side on 
the basis of said convex lens and composed of 
a material that transmits infrared light, a thick- 
ness of which changes along image height so 
as to offset curvature of field. 

3. An infrared optical system for infrared cameras 
according to claim 2, wherein the thickness of said 
field flattener changes in a linearly approximate 
manner. 

4. An infrared optical system for infrared cameras 
according to claim 2, wherein a hole is formed at a 
central portion of said field flattener. 

5. An infrared optical system for infrared cameras 
according to claim 2, wherein said field flattener is 
molded integrally with said holding member. 

6. An infrared optical system for infrared cameras 
according to claim 1, wherein said stop is molded 
integrally with said holding member. 

7. An infrared optical system for infrared cameras 
according to claim 1, wherein said stop is a coated 
peripheral edge light shielding member provided at 
a peripheral edge of said aberration correcting 
plate. 

8. An infrared optical system for infrared cameras 
according to claim 1, wherein said aberration cor- 
recting plate is molded integrally with said holding 
member. 

9. An infrared optical system for infrared cameras 
according to claim 1 , wherein said convex lens is an 
aspherical lens. 

10. An infrared optical system for infrared cameras 
according to claim 1, wherein said convex lens is a 
Fresnel lens. 

11. An infrared optical system for infrared cameras 
according to claim 1 , wherein said convex lens is 
constructed of a plurality of lens elements. 

12. An infrared optical system for infrared cameras 
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according to claim 2, wherein said field flattener is 
^held by a holder common to a detector of said infra- 
red camera, and disposed so as to protect said 
detector. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



7 



EP 1 077 386 A1 



FIG. 1 



12a 12b 




FIG. 2 



12a 12b 




13 11 



8 



EP 1 077 386 A1 

FIG. 3 





9 



EP 1 077 386 A1 



FIG. 6 



16a^ 



.16 
~16c 
-16b 



FIG. 7 

~16c 



16a 



4- 



•16b 



FIG. 8 




10 



EP 1 077 386 A1 



FIG. 9 




FIG. 10 




11 



EP 1 077 386 A1 



(» 

FIG. 11 




FIG. 12 




12 



EP 1 077 386 A1 



FIG. 13 




FIG. 14 




13 



EP 1 077 386 A1 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/JP00/00045 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 G02B13/14, GOUl/04, H04N5/225, G03B41/00, 
G02B7/04 



According to Int ernational Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

Int. CI 7 G02B9/00-17/08, H04N5/225, GOUl/04, G03B41/00, 
G02B7/04 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-2000 

Kokai Jiteuyo Shinan Koho 1971-2000 Jitsuyo shinan Toroku Koho 1996-2000 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Y 
A 



Y 
A 



Y 
A 



JP, 9-230233, A (Matsushita Electric Ind. Co., Ltd.), 
05 September, 1997 (05.09.97), 
Fig. 5 (Family: none) 

JP, 10-301024, A (Mitsubishi Electric Corporation), 
13 November, 1998 (13.11.98), 

page 3, left column, line 45 to left column, line 30 
(Family: none) 



US, 5153778, A (AT & T Corporation) 
03 March, 1995 (03.03.95), 
Full text; all drawings 
&JP, 7-56083, A 



1-3,5-12 
4 



1-3,5-12 
4 



1-3,5-12 
4 



[J Further documents are listed in the continuation of Box C. 



□ 



See patent family annex. 



* Specie! categories of cited document* 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" eariier document but pubUfhed on or after the international filing 

date 

"L" document which may throw doubti on priority claim(i) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an orai disclosure, use, exhibition or other 



"P" document published prior to the international filing date but later 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 
•Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
"&* document member of the same patent family 



Date of the actual completion of the international search 
21 March, 2000 (21.03.00) 


Date of mailing of the international search report 
28.03.00 


Name and mailing address of the ISA/ 
Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



FormPCT/ISA/2 10 (second sheet) (July 1992) 



14 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
□i^DED TEXT OR DRAWING 
t^BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



14 REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




ES OR MARKS ON ORIGINAL DOCUMENT 



